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1. INTRODUCTION

For many years mercaptobenzothiazole (MBT) has been used in coolants to
inhibit corrosion of metals in the cooling system. It has been found
that MBT Is easlly oxidized to the terminal molecule of benzothiazyl
disulfide (BTD) by way of a free radical mechanism and that this
conversion is irreversible in coolant media. BTD is insoluble in most
coolants and separates as a solid. This could cause clogging. Light,
air, or a combination of these mavbe the initiator of a molecular
homolysis of water or glycol which proceeds, depending on the

initiator, by different paths of formation to a peroxy or alkoxy radical :
which subsequently activiates the MBT. These reactions are further !
accelerated by the presence of heat (reference 2). ;

A search was conducted for a comparable substitute that would not %
oxidize so readily under the conditions that exist in the coolant system. :
The triazoles were considered to be likely candidates.

Benzotriazole (BT) was substituted for MBT and subjected to the ASTM
Glassware Corrosion Test (D 1384) and Simulated Service Tests (D 2570).
It was found that BT contributed to pitting of the aluminum in both
tests and also caused excessive foaming in the simulated service test,
so this inhibitor was judged unsatisfactory.

Tolyltriazole was obtained in two forms, a solid (TT) and a 50% sodium
hydroxide solution (NaTT). Glassware Bench Corrosion Tests (ASTM D 1384)
were conducted on various percentages of TT and NaTT. The more promising
blends were then subjected to the Simulated Service Test (D 2570). The
results were compared to those received in tests using MBT.

I1. DETAILS OF TEST

A. Test Solutions

Tests were conducted on solutions of 50% ethylene glycol, 30% ethylene
glycol, and 100% water. Both distilled and ASTM Corrosive Water was
used to prepare the test solutions. Inhibitor formulae were prepared
using as base materials the quantities of sodium tetraborate (4.0%),
sodium phosphate (0.3%), and MBT (0.4% of the sodium salt) found in
MIL-A-46153, or the amount specified in 0-1-490A. (See Table 1)

Weight percentages of tolyltriazole were substitued for MBT ranging from
n.05 to 0.25%. Various percentages of antifoam agents were added to the
test solutions.

B. Glassware Corrosion Tests

Glassware Corrosion tests were carried out in duplicate or triplicate in
accordance with ASTM D 1384,




C. Simulated Service Tests

Simulated service tests were conducted on a 50/50 corrosive H0 and
MIL-A-46153 blend (with NaTT and TT substituted for MBT) in accordance
with ASTM D-2750.

D. Tolyltriazole

Two different samples of tolyltriazole were used to check their relative
purity. These samples were prepared by the same manufacturer but at
different times. To aid in solubility, a 50% sodium hydroxide solution
of TT was used in most tests.

E. Anti-Foam Agents

(Al) varpol 61, Polypropylene Glycol (Northern
Petrochemical Co.).

(A2) 2025 Polypropylene Glycol {Union Carbide).
(B) Y-30 Silicone (Dow Corning).

(C) Jet Dye, Silicone (Dow Corning).

(E)  x2-3010, Silicone (Dow Corning).

F. Corrosion Rating System

A numerical rating system was used to compare the results of test
(Table 1 A).

I11. RESULTS OF TEST

The 50/50 water/glycol blends listed in Table I!, tests 2 thru 4 contain
0.05, 0.15, and 0.25% solid TT plus borax and phosphate found in
MIL-A-46153. Test 1 was a blank containing MBT but no TT. The metal
test specimens from test 2, 3, and 4 were in excellent conditon with no
excessive weight loss on any of the metals. All of these blends foamed
excessively during the test procedure so the air flow had to be reduced
from 100 m1/min. to 60 mi/min.

Table 111, tests 1, 2, and 3 which contained 70% Hy0 and 30% glycols and
0.05%, 0.15%, and 0.25% tolyltriazole respectively plus borax and phos-
phate found in MIL-A-46153 indicated that the aluminum weight loss was
greater than in the 50/50 blends listed in Table |I. These samples

also foamed excessively and again the air flow had to be reduced.

Table IV, tests 1, 2, and 3 were conducted on distilled water and 0.05,
0.15, and 0.25% tolyltriazole plus borax and phosphate found in 0-1-490A.
These tests showed a very high aluminum weight loss and this series of
tests also foamed.
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A1l the tests listed in Tables {1, Il]l, and IV except those containing
MBT showed a heavy white precipitate accumulation. This material was
found to be an insoluble phosphate.

i et

To el iminate the possibility that the sample of TT was contaminated, a
second sample was obtained. The two samples were compared in various

blends (Table V). There was no difference noted in the results. The ;
white precipitate remained and the foaming existed. i

Tests showed that the obvious problem of foaming had to be eliminated.
Several types of anti-foam agents were tried in different proportions
including silicone derivatives and polyglycol anti-foams from several
sources. (See Table Vi) By comparing the results of these tests with
those in Tables Il and Il it is evident that all the anti-foam agents
instigated corrosion on all test including those with MBT. Solder and
aluminum were the metals most effected. It was found that the rubber
stoppers used in these tests were attacked in all cases except with
Anti-Foam E.

It was found in tests using silicone type anti-foam agent (B) that a
very heavy white precipitate formed. The aluminum and solder weight
losses in these tests were high and the antifreeze blend still foamed

to a certain extent. Blooming occurred in the solder coupon (Figure 1).
Pitting was evident underneath the bloom. A second silicone, anti-
foam agent (C) was tried. Table VI shows that this type of anti-foam
agent also contributed to high sediment and poor corrosion preventative
characteristics. Anti-foam agent (E) (a silicone type) was tested and
virtually eliminated the foam until about the 10th day of the test, at
which time foam built up to about 1/2" sbove the test solution. It
appeared to stabilize at this point. The effect upon most of the metals
was not as severe as was experienced with the other anti-foam agents.
This was chosen as the best anti-foam agent for all metals except
aluminum. Corrosive water, 0.15% TT and anti-foam agent (E) proved to
be comparable with solutions containing MBT and anti-foam (E).

Table VI also shows the results of using solid TT in corrosive water with
the anti-foam A2. The test solutions did not foam. The aluminum showed
a hign weight loss.

It was found that 0.05% TT was not sufficient to control the corrosion
and 0.25% performed basically the same as the 0.15%. The 0.15% con-
centration was chosen as the standard percentage for further studies.

The foaming (ASTM D 1881) of the blends containing TT vs MBT are
compared in Table XI. This test showed that foaming is greater when TT
is used than when MBT is used.

In addition to the metal test specimens the tests listed in Tables VilI
and VII! containing a sample of original equipment hose. The durometer




hardness reading was taken before and after the test. The reading
before was 71 points and after 70 points. There was an appreciable
difference in the durometer readings for the rubber stoppers in the
test apparatus. The samples that contained MBT lost 13 points and
those that contained TT (solid) lost 20 points and sloughing occurred.
From this test it was concluded that the rubber stopper softening

was not a serious problem since a different rubber formula is used

in radiator hose. The weight loss on aluminum and solder was high
and above the maximum recommended limit.

Tables IX and X contain the results of the Simulated Service Tests.
The aluminum weight loss on the test coupons were less using TT than
MBT. The brass had a greater weight loss in the TT formulation. The
steel and the cast iron weight losses were less with TT. None of the
metal coupons were pitted or etched in these tests.

After each Simulated Service Test the water pump was disassembled.
Visual examination showed that the internal parts of the pumps were
satisfactory condition. During the entire test period (1064 hours
@ 190°F.) no coolant was lost from the system.

IV. CONCLUSIONS

Sodium tolyltriazole (50% aqueous solution) and solid tolyltriazole are
comparable with 0.4% MBT in corrosion protection, but both NaTT and
solid TT cause foaming. In general the addition of antifoaming agents
increases the corrosion of metals in the presence of the TT and NaTT
as well as MBT, however, by carefully controlling the amounts of
antifoam, optimum conditions can be reached.

Tolyltriazole costs more than mercaptobenzothiazole but the cost is
balanced by the fact that lesser quantities of TT are used.

NaTT and TT are more stable to heat, light, and oxidation than MBT.
The silicone antifoam agents in the percentages tested were not stable
over a long period of time, but they did not effect the metal coupons
as much as the polypropylene glycol antifoam.

It was also concluded that softening of rubber stoppers in the glass-
ware corrosion test was not indicative of adverse effects on vehicle
coolant hoses.

V. RECOMMENDATIONS

It is recommended that vehicle field tests be conducted on water and
glycol coolants using tolyltriazole as a substitute for mercaptbenzo-
thiazole in the inhibitor formulae.
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TABLE |

MILITARY COOLANTS

Composition of Corrosion Inhlbitors

Percent by Weight
A. MIL-A-461583

Sodium Tetraborate, Decahydrate Lo +0.2%
Trisodium Phosphate (Calculated as

Decahydrate) 0.3 + 0.04%
Sodium Salt of Mercaptobenzothiazole

(50% aqueous solution) (NaMBT) 0.4 + 0.05%

B. O-1-490a*

Sodium Tetraborate, Decahydrate 75.7 + 0.5%
. tsodium “hosphate, Anhydrous 9.2 + 0.2%
Me rcaptobenzothiazole (MBT) 15.1 + 0.3%

* Amount of inhibitor used is based on concentration of antifreeze.
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TABLE | A 1

CORROSION RATING SYSTEM FOR LABORATORY BENCH CORROSION TEST

Rating Weight Loss;jmgi/cmz) 3

0.10
0.11 - 0.20
0.2) - 0.30
0.31 - 0.40
Onh] - 0050

o

o

Q
]

—_ e OWEONOVNITWN —

50.1 or above
any weight gain

To evaluate the corrosion of metal specimens, corrosion ratings were
assigned according to the above table based on weight losses per unit
area of each specimens, and a collective rating of each set of
specimens, e.e., aluminum, copper, solder, steel and cast iron, assigned
by totalling the individual ratings. If the metal shows visual
corrosion, e.e., pitting, etching, staining, discoloration, the rating
is raised by one point. The higher the numerical rating, the greater
the corrosion. A rating of 10 or less indicates a satisfactory
composition.
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TABLE XI

TEST FOR FOAMING TENDENCIES OF ENGINE ANTIFREEZES
IN_GLASSWARE ASTM D-1881

Temperature Avg. Foam Break
Sample °F. Vol. 8 5 Min. Time
Sodium MBT 190° 285 ml. 8.1 Sec.
01d Sodium
Tolyltriazole 190° 321 ml. 7.8 Sec.
New Sodium
Tolyltriazole 190° 286 ml. 9.5 Sec.
MBT 190° 138 ml. 6.6 Sec.
Sodium MBT 160° 81.6 ml. 4.9 Sec.
0ld Sodium
Tolyltriazole 160° 165 ml. 7.7 Sec.
New Sodium
Tolyltriazole 160° 147 ml. 7.7 Sec.
MBT 160° 136 ml. 7.7 Sec.
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FIGURE #

ALUMINUM TEST SPECIMENS FROM GLASSWARE CORROSION TEST -
(MIL~A-46153 with NaTT Substituted for MBT plus .015%
Silicone Type Antifoam)

I - New Specimen
J - Exposed Specimen {With Blooming)
K - Exposed Specimen (Blooming Removed - Note Pitting)
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